Summary. Treatment of GnRH-deficient (hpg) female mice with oestradiol-17\g=b\(E2) for 7 days increased GnRH receptors from 4\m=.\1\ m=+-\0\m=.\4fmol/pituitary (control) These results suggest that: (1) gonadal steroids alone have a major direct stimulatory action on the pituitary to increase GnRH receptors; (2) the oestrogen\x=req-\ induced increase in GnRH receptors is enhanced in the presence of GnRH; (3) steroids exert inhibitory feedback on gonadotrophin secretion that is mediated at some cellular regulatory locus other than the GnRH-receptor complex.
Introduction
Numerous studies have shown that treatment of females with oestrogens stimulates gonadotrophin secretion (Arimura & Schally, 1971;  Aiyer & Fink, 1974; Fink, 1979) . In monkeys with hypothalamic lesions, and in humans with isolated GnRH deficiency, replacement with pulsatile GnRH results in rising serum oestradiol concentrations which sensitize the pituitary gonadotrophs to subsequent GnRH (Knobil, 1980; Crowley&McArthur, 1980; Mason et ai, 1984; Menon, Butt, Clayton, Logan-Edwards & Lynch, 1984) , confirming a direct pituitary site of oestradiol stimulatory action. In addition, treatment of pituitary cells with oestrogen in vitro sensitizes them to GnRH (Drouin, Lagace & Labrie, 1976;  Debeljuk, Khar & Jutisz, 1978;  Lagace, Massicotte & Labrie, 1980; Drouin & Labrie, 1981 ; Turgeon & Waring, 1981) . This action of oestradiol may in part be due to an increase in pituitary receptors for GnRH, which are known to be elevated at times of high circulating oestrogen concentrations in rodents (Savoy-Moore, Schwartz, Duncan & Marshall, 1980;  Clayton, Solano, Garcia-Vela, Dufau & Catt, 1980) and monkeys (Adams, Norman & Spies, 1981) . Oestrogen treatment of cultured pituitary cells has also been shown to stimulate directly a modest rise in GnRH receptor levels (Loumaye & Forni, 1982; Tang, Martellock & Horiuchi, 1982) .
After previous studies (Naik et ai, 1985) to explain the post-ovariectomy decrease in GnRH receptors in mice, we suggested an important role for an ovarian factor in the maintenance of GnRH receptors in this species. The aim of the present study was to determine to what extent pituitary GnRH receptors could be directly increased by oestrogen and progesterone treatment of female mice in the presence or absence of GnRH stimulation of the pituitary.
Materials and Methods
Animals. The normal and hpg (gonadotrophin-deficient) female mice (C3H/HeH/101H Fl hybrid intercrosses, aged days, [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] g) utilized in this study were obtained from the Department of Human Anatomy, University of Oxford, and were housed under the same conditions as described by Naik, Young, Charlton & Clayton (1984a) .
Hormones. The GnRH agonist analogue [D-Ser(tBu)6 des Gly10]-GnRH TV-ethylamide (GnRH-A) and GnRH used for radioreceptor assay and injection, respectively, were kindly donated by Dr J. Sandow (Hoechst A.G., Frankfurt, West Germany). Oestradiol-17ß, progesterone (Sigma Chemical Company, St Louis, MO, U.S.A.) and a combination of the two were dissolved in sesame oil at appropriate concentration and injected subcutaneously (s.c.) in 0-1 ml. Other materials were the same as used previously (Naik et ai, 1984b) .
GnRH receptor assay and radioimmunoassays. The radioreceptor assay for GnRH was performed as described by Naik et ai (1984a Naik et ai ( , 1985 . The RI As for serum and pituitary LH, FSH and prolactin concentrations were performed as described by Naik et ai (1984a, b; 1985 11-7 ± 0-3 ; hpg females 4T ± 0-4; hpg + oestradiol 7-2 ± 0-7; Text- fig. 1 ) (6 mice/group). Ovarian weight was increased from 0-67 ± 01 to 2-5 ± 0-6 mg and uterine weight from 7-17 ± 0-3 to 47-6 ± 2-8 mg by oestradiol treatment. In normal female mice, oestradiol decreased GnRH receptor content (11-7 ± 0-31 and 9-83 ± 0-5 fmol/pituitary) although this difference was not significant (P > 0-05 GnRH receptor values are lower in intact females than in those in Table 2 since they were measured with a nonsaturating concentration of ligand to be comparable with the hpg animals (see 'Methods').
Uterine weights of hpg females treated for 14 days with oestradiol were increased 9-fold compared with untreated hpg controls (62-3 ± 3-6 and 7-4 ± 2 mg) and were also significantly greater (P < 005) than values after combined steroid treatment (46-9 ± 3 mg). Similarly, in intact normal females, oestradiol treatment alone increased (P < 0-05) the uterine weights (260 ± 44 and 154 ± 26 mg) while concurrent treatment with progesterone had no significant effect on uterine weights (169 ± 8-2 mg). (Naik et ai, 1984b) have shown that treatment of ovariectomized mice with 300 ng oestradiol/day for 7 days largely reversed the fall in GnRH receptors whereas on this occasion values in mice treated with the same dose for 4 days were similar to those of controls (62-3 ± 4 and 63-3 ± 3-4 fmol/pituitary respectively). Receptor values were further increased to 80-4 ± 4-3 fmol/pituitary by concurrent GnRH treatment, a value similar to that of intact females receiving GnRH alone (84-6 ± 3-4 fmol/pituitary). Treatment of ovariectomized females with GnRH alone was without effect on the receptor levels (48-2 ± 30 and 49-5 ± 40 fmol/pituitary). However, the fall in GnRH receptors in this experiment 4 days after ovariectomy was less than in previous studies (Naik et ai, 1984b (Naik et ai, , 1985 in which values at 7 days after ovariectomy had fallen by > 50%. Significant growth of ovaries and uteri occurred after GnRH injections (Group 7 dì Group 5, < 001), but steroids alone produced a greater increase in uterine weight (Table 2) . Combined treatment of steroids + GnRH produced a bigger increase in ovarian and uterine weights than did steroids alone (P < 001) ( Table 2 ).
Discussion
The results of previous experiments (Naik et ai, 1985) indicated that the pituitary GnRH receptor fall after ovariectomy of mice was not primarily related to changes in endogenous GnRH secretion. Rather, this receptor fall was related to removal of gonadal hormones and we suggested that (Naik et ai, 1984b (Clayton et ai, 1980) could sensitize the gonadotroph to possible subsequent increases in endogenous GnRH secretion on the afternoon of pro-oestrus (Sarkar, Chiappa & Fink, 1976) .
In intact female mice we have found suppression of GnRH receptors and serum gonadotrophins with combined oestradiol and progesterone treatment (Naik et ai, 1985 (Naik et ai, 1985) . Evidence for this is provided by the effectiveness of combined oestradiol + GnRH treatment in ovariectomized normal mice in increasing GnRH receptors to the same values as seen in intact normal mice treated with GnRH alone. Similar oestrogen induction of GnRH receptors has been obtained in ovariectomized monkeys (Adams et ai, 1981) and rats (Barkan, Regiani, Duncan & Marshall, 1983) (Knobil, 1980) and GnRH-deficient women (Crowley & McArthur, 1980) (Clayton & Catt, 1981) , as well as by GnRH immuno¬ neutralization (R. N. Clayton, unpublished observations).
In agreement with previous in-vivo data (Charlton et ai, 1983) 
